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JUNCTION-SI DE ILLUM i NATEP P : \, I lt:tf:C^I"OR ARRAYS 

STATES'IRNT REGARDING EEDFlRALIGi' SSONRCUvRi' RESEARCH UR S EVE L'C PMEN^l' 
This invention was made with government supR'Ort uncer 
5 Smsll B isiness l:\novalion Research program (Grant # t'E- 
EG03- ^'-^ERSSS^^ I av.arde^d by the Department of Energy. The 
Government, has certain rights in this rnvention. 

EI ELD ■:)E -iHE I tJVENT I Of^: 

ih-.e cresent Lnv^i-ntion relates to radiati^sn detectors 
an'i IT.-: re specif icully, to a structure of and a method for 
f a b r i ■■ : a. t: l r: g }i i >: -r^ I a t e d silicon detector a r r a y s a n d 
phc't: i)^ lete tcor arrays . 

15 back:;io:usj oe ^jie ::kventign 

[■hiny app'lica: ions c:an benefit f rc)m a de\^e litpment of 
adwaof :1 pixelace:; silicon detector arrays with superior 
cna r3c*0Ecvi St ics f^ir dark leakage current, :3uant.um 
effiioenv/, and. prt>ductioii yrelds. One such ap-olication 

20 involi-'-s silictmi r h it ide tector arrays tnat can be used t:.o 
corricrui:t. gamma-rav cam.eras with very hich resolutim. 

Higlo.y pixelated silicon pho t cdetect or arrays icupled 
to CAO^aly matchioi paralle.l prped Csr(Tl) scintillator 
ar]t;r/s ar-s a knowii basr; for solid state gamrna-ray cameras 

25 car)al;)l':;: ) f; imagin'U a wide varrety of sub"]ects rrmging fi'im 
smaA.. an^rrals m t ne .laboratory to whole humian rowdies. 0:ie 
ex^im[:)le of silic du phot odetect or arrays feu: ra(iiati jn 
rmagm^a ts disclosed .lu t) . S . Patent No. 5, 773,829 cntitl-^d 
''Radiacicui Imaging Detector/' issued June 30, 1 998 to 

30 Iwanczyk and Patt, wnicri is hereby incorporated oy 
I'ef erence m fi.ii 1. . 

Express Mail Nn. U i ' U^"^' h^t A\ 
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J ^ H - s :. z e ci solid s " i \. e g amma - r a v came i a s emp 1 o y :. u a 
^Uv^h r ad i.cit i an imag i ag ^:ie- -.:a ->ra t vpica L 1 / >a-qa i re lav; aaat; 
dnd a i gh-yieid semicondaa" e r phot Ddotecaor- a r'rav st ri.K;tarea 
with superior farrfarmance and c : mp-- 1 i t i ve prices conparea:i 
5 t a t h ose of. t he e >: i s i a q c 1 i n i c a J s ;/ s t. e.:n s f o r S i n i e PY\ o t n 
Err. i. s a i -or Compu t ed Tomog r aphy ( S F E dT ) vih i. a a u t a 1 1 z e knoan 
V5cia.aa E'hot oniul t i pi ler Tube ( PMT) t-.; :hnr l.zaies . 

'Jt he r broaci appiicat } ons inc-1 nd.in :i ra^diatu on h::.irdened 
d-aleczci. cirr::jys for high-energy paysi. ca irsearca, ciud new 
10 aesi':p"a^ of. avalanche imaging arrays ; .)t.-j ae t: act sr s with an 
internal gain) would also benefit t mziTi ^0000 ].opiTien t of li)w 
Cjsc, high-yield deaector array sara:aures. 
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sil:icon phoaoarode ar: :iys w-^a: parai;el signai 



r-Badout are based on ( p ^ ) - ( n ) ~ ( n+ stcaj.atares consai-uctea 

15 on r:..qh resiatrv;ity (0.1 - IC k chn-r-m: siL.cC'n wafers. ? + 
czar:ac:ts formin- functions in the ri-ty;:a subsaraze are 
ca)nst;a:acte d m the term at a Or -z;e :i2~r5.y. A ac^mmon nr 
contfict forms an ohmic contact, aU'-j as use:i as an entrance 
v/rndzv; (Irgat sensitive window) . 

20 i^trucaures whe^rein the n+ (C'hrra.c) c^^n^ a^za is used c;s 

hl'i-s z-narance w:.ndow for light, :-:-r<-^ys, jammia rays, ar 
partizles, and in which the p+ ( j ur-rt iorh) ccntacts ai'e used 
^^.s the readout are referred ta as t^rzk-side illuminated 
pf iO't :z>:ir o'ies o r t^ac K - i 1 1 umi na t ea pa r z;a izxaes , one 1 uncz 1 ori- 

25 s^de zoiT.mznly beina referred t(Z as the rr)nt,-side. Sur:n 
back-sloe r Hum mated diode ari-.ays nre zu'Zwn, and are 
aescr.ibezi in a paper entitled :-e-..^-rl(j}zmenr z^f Low Noise, 
Pack-Side Illuminated Silicon Fhzt):;io(>z A: rays," by S.E. 
HC'lland, rJ.W. Wan:^, and W.W. lueses pz.b.. ished ir- IEEE 

30 Transactions on Muclear Science Vz 1 . 4 4 :b_i . 1 I 997. 

in taie ba^-k-side 1 1 1 am ; n^-.i t ed phz't di c je s , zhe 'pn-(n) 
juncaion array, which is created zn the non-1 iqht sensitive 
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i ^-^ f t.. : ■ h .i f 13 generally' use d o ri J. y f c r s i r. ^ .1 : a '-i u t. 
'^"^''^ Inr-rot cam uaually be bca'ideci d:recL ly to tha raad^..;ut: 

-■^^■Lp ^'ii-aitry v;:trK)Ut obatructina ^.ha liqhy frorri a 

■^c'-^ntill a* e-r . The opposite s.ioc (ohmic side) is typjcallv 
5 'ooupled to tlie sciatic Lat or for 1 Kght deteooioo. This type 
array typically operates only m tally deple:.ea mode, 
■'■"'^-^^■^^ asaally reqairos reverse bias of more than ^'0 V foi^ 
Uie standard oOOO ohrn-om resastrvity siliocn or hiqhei: 
oiases for :a^wer- resistivity mcd:erial. 

ordr:T to aohiev- stabie I-V oha rao t er i s t. i o and a 
iow reverse ourrent value, eaah of the n pixels typically 
incorporates a field i:-late ani surrounding guard rin^gs to 
optimize the potentr^l distrihution around the pixel and to 
Oram out ihe surface leaka(;:e current. These structures 
15 typically sotfer- from the folliwing short co.)mrnqs : 

1- The requ iremirnt of hi.gh liohr sensitivity ao the 
o hmi 1 c CO n t. a c t. c o n f L i c t s v; 1 1 h t n e t e c h n o 1 o g i c a 1 re q u i r erne n tos 
tor effectr\o- gotten nq of the bulk materiaJ necessary for 
roaintaining long la. fe times of mmorj.ty carrrers. Fee: 
20 ^rtfecoive (jettering e-f she deteator buJk, hiah 
::o:::ncent rat ions of phC'Simorus dipant and a relatively large 
thickness of doped material is re(guired m the n+ contact, 
'■■n the otner- hand, in aider to ensure high light 
.^sensitivity, [die cent: acr. nas ti' De made as tOm as pt^ssible 
25 wi-tn ar: opt:imiced doping profile. Thinrr:u-ig of the .untact 
^-^ ^-"'^-''S'' oettering prC'Cess, and it usually 

causes an increase in the aark leakage current in the 



c a n s 1 2" u c t ■.i a r --^ ' s 



i. in tlie knov/n bo'ik-side illuminated structures, m 
order to achieve full depletion at lev; bi.is voltages and to 
^'^'"^U'-^e th^- b\i\ k ^:4eneration current component., design^^rs 
^^^^"^■^^ ^ --^o very thin wafers. Hcjv;evei, this creates 
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' v'^v'^^:!": ^ ] ^..■;"n. ca 1 pr::)bien5 d'K.- t-.j the laek ■■.-.f mechaniral 
St. renal h o\ the thin siliccai natorial; 

. e ci a (J r : :.) ^ r f t. h: a a r f a e 1. a k a a : m r~ r e i": t is 

^■i^'^^^^ -'-V ashieved by canst ra.ict inq a field plate structure at 
^ ^-he peripdiery af individual f^ixels. However, this is known 
^■^^ ^-^^'^^-^ t.:; Cjener.;it ion of defects at the interface betw--ea 
'"^"iO on-'i Si in thi--- fielci pdate. These defect. s typically an; 
a source of excess ro'/erse current. Some reduction of aha? 
^■^^^"^e.-o density can usual Ly c^e achieved ky use of cosab/ 

10 hiigh purity processes and materia J.s; 

• f^'o^' leakage operation, the back-si(ie 

illuminated sai-uctur-a? generally require guard r:^ng 
structures tvpi. ca Lly sarroundmg each individual pixel, and 
cif. least surrc'unalirig snia:.l iiroups (32 to 64; ot pixel:5. 

1^ These guard rin'-;j stiactares recuiire additional physKor:.. 
^P'^^ce between th-/' t-i>-^^-l-3 '^nd cr^sate problems m building 
b 1 gh -Liens ity arrays ol mosaics of such arrays. 

SUMMARY OF THE IbVErbri'lU 

^0 one emb'ii; imen^ accoroing to the present invent:ic)n, 

a detector array is forrneo on a semi condacaor materia], 
havrnq a first si-ie and a ser:<:)nd side. The detector arra\' 
includes an entrcuic^a windcw f{irmed on the first side. Tne 
e n t: r a n c e w i n dew i s u s ~- d I: o r e :: e i v e r a d i ca t i s n . T toe d e t e c 1. 1 > i: 
array alsu inclu.ies an array of detectors teemed on traa 
^tacond side. One or mc^re of the detectors are used for 
detecting the radiati-sn received \^ia the entrance window. 
The entrance windrow fsormjs a juncti'sn with t.he semiconductor 
^-^^"■eria;, and the detectors include pixelated ohmic 

30 con t a CO.. s . 

nrr.;ther embadiment. according t.o t^ie present 
i^^y'.:'^.'^ , a method af terming a detectcu- arrav on a 
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s^:rri.i ^:crldu■:.:t. c^r manendi hriViiia ci ri.rst side and a second 
si.de .is previded. An enLa:ain..e- w i rniev; is fvjrmed on L.hv^ 
first si.ie. Trn=' entrarn:-e v/ian.rjvv is i..;sed lc:;r receiviru^ 
r a d i a t i. o ri . A n a r a y o t d e t. e c: t: o f s is f o r m e; d on t h e s e c o n d 
3 side. jne c-r mc-a:e of the detect^)rs are used for- detec:eing 
the radiation r^z'ceived via the er:t ranee windC'W. The 
entranct.: wirriov; forrrs a iunc:ti(;n wrtri tdie seniieondactor 
material, c3nd the detectors include rixeiatsei ohimic 
c o ri f a s 1 5-^ . 

H) In yet ci no then enibe>dirnent of t: he present in\^enticr:, a 

compjosit e deeectLo: array includes mult iple c^stectr^r arrays . 

In still another embodiment of the pre'sent Inventri.on, 
a det:ectcr arrav Is formed on a semicon duct c r matei^ial 
navi.n'j a fir^.t s:-.de ^iind a second side. Th-s ietecdojr c:errriy 

15 mclufies ent:ranC'^ wlndcw rr.eans formed on the first s:i.d';e 
T h e e n t r a n c e w 1 nd o w rre a i\ s is us e d f o r r e c e 2. v i n g r a :i L a t o n . 
The detectosr arrfr/ alsr incluoes an array of ;ietect<:)r mteans 
formetd cei th.e se::ond side. One or more of trie -lietectrr 
means are used fc^r det-actrng the radiation recei\^^e:l r^ia tne 

20 entrance Alridow niearr;--. The entrance winocv; means form, a 
junccron vvitn the S(;ai:irnrnductor material, ana the rietectrr 
means include plxfslated ohmirc contacts. 

BHlhP'^ DESCRIE'TION OF ITIE DRAWINGS 

25 The abcr^e ami ether features or the fjresent: invent: Irei 

may be mr^re fully uri:lerstood from tdie follC'Wlrcj (detailed 
descr ipo iC'U, taken together with the acoomfiany Ing drawings, 
where^ai simtj.lar reference characters refer^ tc- simd.lar 
elements thrsughout ario m which: 

30 FIG. 1 is a cross.-sect rona 1 view of a detejct(sr array 

produced fromi high resisrivity n-type 3i (top) and back- 



side vi..;w (bott..;m; i:i en-rK;.)dimen t acc.jrdi.nQ I.} rr:'- 

pi csec 1 Mvont i on ; 

yiG. 2 IS d cr OSS-sect i ;.)!-ici L view ot o doteorci array 
pro'duoeci from hiqh resistivity p-tyoe Si (top) and ba^d:- 
5 sice! view (bottom) in cc embodiment: aocC'Oding to the 
preserd: i nvent ion ; 

bl^. 3 is a cross-sectional view or an avaianoh- 
det-estor oonstruoted from hiqh resist ix^ity n-tyf:)e Si in an 
emb so i m-i n t: a c c o r d i r rg to t h e p r e s e n t i n v n t r o n ; 
10 FP: . is a tip view oi trie top:doay (.)f a detector 

Sirray showing separate grids tdrr changirig :)f the pixel 
•sizes ryy biasing appropriate grids in sn embodiment 
acoorGir.g to the present invention; 

bl'!-. 5 is a tr^p' v;..ev7 r x i as t r 3 1 rn :: tne method for -joint 
15 biasing of md i v ic\oi:i 1 grid ar rangemer.t s by cjupling cirias 
tog^;;;the r ; and 

bit-:- ^1 is a top view iliastrating t:he method foi 
-individually biasing tne grid ar rarigement:s . 

20 DETAILED DESCRIPTION 

In one; embociirr.en t of the present in^Ae-ition, a new 
runct ior.-side il Lumrnated silicon det.e-::t.cr array of 
pixelate(i silioori detectors and a meonod of constructing 
tine sam^i are disclosed. idie detectors may he const rued; ed 

25 from hi :bi resistn^ity silicon (Si) witn a ccsnmon lunction 
cront.ast on the front-side ana ohmrc contacts implemented as 
a pixel a ted array on the back-srde. 

In the present invention, t^.e iuncoicn contact 
preferably (rovers tne entir^ detector array and serves as a 

^0 front-side light, x-ray, ^ramma i^ay and/ or parti_cie 
sensitive window without d-:id areas. To isr-da^--^ t hr^ 

individual ohmic contact pix-is on the basK-side', i hf- 
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.i,nt:er-piXr:vL ..japs r~e f o rab 1 y contain 'junctLon separnit ion 
i mp 1. ant: y ^hat a a ra -ur-.d each pi:-:el in the fcrai or a ari'i or 
rin:ps rar.:i t e^i ...a tli^-^ ontino array. In tYiis way, t:c:^ liqht 
entrance cont:act. of the p reaer:t invention irciy be impr'":^^-ed 
5 in :o:^rrr.3 ot depth aru;i profile;- far bettcir l.i(;;fht sensitivity/. 

Tha; ent. r aiic":e vvindaw C'f the preserit inven;. ..on 
preteraoly allows ivr bet^-:er <:?- t re: ir.q ot the bulk aa:iter:al 
than in the back-side i L i:.mi n^i t ed net, hod, t.has aiiowing tor 
red.r::ti:)n ot ba i k qeneraae^-:: current. In add i tai cvi , t.he 
10 :)pe r.:i t i-v^na I oias of tdie paa= ^a:alr in\'er.t Lcn rr.ay te up- to lour 
t:imcs lower than requir-i f-:c: the traditional coica-s^de 
:L 1 1 '.nain a t ed s t r i..ict u res . Msing the sorucoure? in an 

emba'-iim-Taat according to 'die present invention, tne fierld 
plaa^:?s may be eliminate a, resulting iai decrease^ vf the 
15 ^axc-:-ss cLirrerit, and the at.a rd-iing structures mcC/ be 
*al 1 v.l na *: ed , redacmg the coiic beowa^en pixels, and tdrus 
all.:;win:; for construction ot :.i ^h-density a]"rays. 

Tha- photode t ector array construction of the pu~esent 
inv-u:ti":n may have significant ad\/antages i.n the mass 
20 [^'i J :uict on process due tr lower (operating bias voltages, 
si'ani f leant ly simplifi(5d tesl :ng, use of thicker Si wafers 
(less breakage during prC'Ces s i ng ) , and {lassible very high 
c r<:a met :.on yi.eicis. Us- ml: thicker wafers (Spens up^ 

ad/iitmona] p^:^ss ibr 1 1 1 les :1 or aces s^ no b" (msteai: or l" 
25 ar -rven laraer diameter wat-ars leciroin^ to the possibility 
S'f : iirther redact ion in pr ■ocia ao .uan costs. 

The phot odet ector arrays 'Of tiie p-resent invention may 
naaor or;e or mojre of the : allowing advantages O'ver the 
c onion t lona 1 devices: 
30 1) 'rY]f^ iicjtit entrance contact may be formed by b'':uon 

implantutman ^r otdivr dopdng methods such as drf fusion ot 
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■iepr.^s i t. i . hjrvint s and may be i.mproved in terms r^i devtAi and 
pr^^f \ ; c I :^ \ b e 1 1. r 1 : g h t: .s c n s i. t i \/ it y ; 

- ' T o t e c h n j 1 o a y 3 i o h o t c ^ s n s i t i. \^ e t a c t . y d o e s 

not 1 r;" rd (^re sui: st ard: .: a.l ].y with tdie reqa .1 reniord: s of tha 
5 imorove^i 'je t. t^er i n g of the balk material. thiat allows 
redaet. i,;r; ■ t the bulk :f^=aierated oarrena; 

b' dhe operatianal bias may be ap to fear" times 
Lower ■naa reaairea for the traditira:al baak-siae 
1 lam i n:ite\l st raata.ires ; 

bhe field plates, the gaard ring straatares, an i 
assoeiated excess c:urreMt may be eliminated; 

'd donst raet.i jn of pixels witnout asing gaard rings 
^^':^y allc.)W redacin:; the:- cap between pixels and may make the 
h: gh-der;si r: y arrays f easib le; 
1^ ik:asting C't the propos^^id strac[.aires may be 

s ^-qni f loantdly simp] ified compared to ttio traditional 
des igns ; and 

^) The low-^'r oias vc-itages comfdned with simpler ami 
more optimized :ecnn:)]o:iy may lead to the signifrcant 

20 improvement in projU'Stion yields. 

The detector airay af the present invention may als ) 
be ased as a raaia^i-ja nardened detector for high-energ-/ 
P^^ysics research ^: r ■ietection of parai!;:les, x-ray, or 
oaniaa i^:iys. The I'.s :i.ia t: i on hardness c^t th::.s stractare ma'/ 

2^ be achif-:-/ea thro.;ah s_.anplifled cons t race i(vi (lack of th-j 
ti^'^^J plates .^nd ^r<L-es/cio/e gaard rings) an;! relatrvely low 
operating bias vjltag-s. The present invention may als.' 
find other broad aj: pi laca t ions inclading, bat not limited 
fO/ applications as nrvel designs for avalanche imaging 

30 arrays ( phs) t odet: ec t oi^s with an internal gain). 

ITia signals may re coapled from the p i xelri t e/i r-hmic 
■contacts in the present invent..rcn to tdie r"eadoat 
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el-'ct I oni cs . Bec:crjso the readout, is ':i:;n- on the opposite 
o..le the eiriraioo-^ wincic^w on t h^.^ sili:-on wafer, it is 

i: ' o s s .i. L.^ 1 e t (j c o u i ^ 1 t h e d e vie-- t ( ^ ci s . o n t 1 1 1 a t ^ r , a 
so i.nl L. L lato-r array, a light guide or" a drffiis^^o: placed 
5 o i r e c 1 1 '/ ■: > a t h « e nt^ r a n c e win d o v; iv 1 1. h o u t i n t e r f e r i n c f w i t n 
: n e c o a n e o toi o n s to t r.e r e a ci o u :.. e 1 e c z r o n i o s . 

C II r r eo : t s 1 1 .is; :> r. p r o c ^lO? s i a g e q lii p ih. e n t h o r this 
t-ohnology usually _.innits the size of a oetectDr waier to 
aoDrovimat.-i.ly ICi orn to 20 cm in doara-ter. In order tj make 
10 a deteot<o: v;i th Icirger (aimens n (n"is , it tyoioalia/ is 
necessary t.o (ir-aate macules on the wafers ano cut them cut 
tor further assembly. Tiie indr\-idual modules corn ther. be 
tiled toqether^ inta- larger arrays. The basic structures 
a.ioordi n^;^ to the present invention may be bui it in form of 
15 mtjdules v^irh a niinir-ium dead syace at: tdie edcjos. 

Detains tor arrays of the present invt^ntian may o-^ 
coupled to Csl(ri) 5c:int 1 :.laoor arrciys m varijus manner? 
to achieve a seamless ionincary between module-s. One m[et:ho i 
noiy incUrle m.aeina sra.ll-E:r photo iletec tor prxels at th-::; 

20 detector terip'he:ry tc compensate for t:he excess mateiria:- 
outsrde af the ;^;Ct.i-/e n.art of the device. The scintiilatar 
pixels maintain a uniform sire and pitch acriss boundarie.-; 
cd^ the ph'itodetector modules. /^ncther methe-d inay include:? 
snaring of lighit fi'om C'mnmaai lo.int lilatirjn pixels. 

25 The oid:ectcr lorray (e.g., at an ent.renr-e window) may 

be direct:o/ c^ufle^i witn th-: C:-:l',T1; so i n t i 1 lat i>r . Th(;> 
detector array may alsc- be: caupled wrth the CsliT.i' 
si: 1 n 1 1 1 la t C'C via ciri int. eirt: a c:e t:iat to.inct:ons as a li. ah^: 
gaide beti/^een the entrance window and tiie Csl(Tl- 

30 srd nt 1 1 lat or . The mt. erf ace may include a Giffuser to 
spna^^ad the light C'^mln;;^ out of the svin^iilatar and may 
comprrse glass, p.iastic, gel, grease arw:i/jr any other 
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suitable- ir.i-.-ria i . The i at ^-r t a-.:o nay a]-o be asea t 
perforrr iraiex of refrci-ti rru.-e.cning beeween eao siliccai 
e a c r { a r- s i i i c o r : a >: i a - a . j t: r : e r e n t r a : : a e :a t . e r i a I ca i 
tne cleteatc^r) and the saiiv i 1. j.atara It raiy further be used 
5 to match non-flat surfaces of ttie sc ia^i*. i 1 la t e> r and the 
entrance v/andow . 

The low cost ana hiah yields of t.hc structures m 
ernbo:i i m-iail.a? accardlnq to the present Invention scajpled oo 
^■b?I(Tl) saint 1 i latmg crystals may a 1 1 su for c :nst:ruct ion 
1*^ ^''^ iarae-sized solid st..ate gamma came:'ras cind s;ystems for 
Single PhS'ton Emiss i coi Com.puted TomocirafTr/ dE'T'ECT) with 
super Lc: f er f -^r niance and low cost. 

Reterrinrj now to the drawings and ^n p<3rticular to 
bio. i, -1 iight sensitive array lb m an ^-^mbodiment 
15 accorcria^g ao the present ia-ivention is S(ansbruc^ed from n- 
ape sill c :)n ; b a ) 14. The n - 1 ype So 14 pre f er ah i y a s h i ci h 
resasti-^ity Si, such resistivity preferobly being between 
ItiOO ohr:-cai t j 2Cb00O ahm-cm. The lignt sensiri\'.i array 10 
has a commsoi j: ^ lignt sensitive contact CC or; the ::ronr-si:ie 
20 an:l ohn:.c conticts imoiemented as a n"' pixr-lated aiu^ay 24 an 
the bach-side. The r/ pixels on the baiat-side preferably 
are ca)ar'led as- readout eiectronics via prr- amp i i f iers (ns^t 
shov;n ) . 

The p'^ licjiit sensitive contact prefeiably ■savers the 
23 enrire lignt sensiaive array iO and serv^is as a light 
sensi.tive wmdc^w wiah substantially no ae..id a]:eas. The p' 
tight sensiti^'e contact 20 may also be referred t-a as an 
entranc- window oontait or as an entrance window. An 
eiectrically msuJatmg layer 22, which may include SiO--, 
30 surrouniis the entrance window on the f rant-side of the 
iig^it sensitive array 10. 
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isoLdt..e t.h,-. .i nd i vidual n' pixels 24, t:.ho i n t -r^ r -p i 1 
aap conl.aiMs s-parat..ieM implants 2(: that:, sarrourid oa..'h 

P-^>^td. ui t }i€^ form of a grtd 23 created en the entire 

c^rray. In ether erTihp)d irnent s , the p' inplants may term a 
5 numirer erf p+ rings te isolate the :nrdividual n^ pixels hi. 
^'^"^ grid or the p- rings mav be ereatea cai separate 

F^arts :)i the array, eoiich may thser be connected together 
e>:ternaiiy, or r..hey may be plasea c^rectiy rn the entire 
s J. 1 i rrrr, array. 

^ rer^erse bias |:'referably is applied betv;een the n' 
F-'>^^"-S 24 and the p* iight sensitir^e contact 20 and between 
^-i'^" '^^ pixels 24 and the p^ grici 2 -d The valuc' of an 
(d:-::ratienal bias voltage -ty, 34 applisd to the p* light 
sr-nsetivr! contact 20 and the giia vol:\ai::e -it; 36 afjpiied to 
15 tn-i j:h ■-jrcKi 28 may be LiLffer'-nt and should ensure pinch oit 
eO t-et.weer: a front depleteo re-gien 22 extendinr:| from the 
irreit contact toward tne bulk of -^ihe suirstrate and a pixel 
cieijletei region 33 extending frcm the prxels towards the 
ir^lk material. For example, 7- ma-/ ranrer from -1 to -10 V 
20 ; :ief)en'i irra on subst:.rate resistivity) zcrd \h may rings from - 
-200 V Jdependirra on sur-strate resistivity and 
tnic^ness). The pinch cff 30 !:o2tw-:^en these two oepleted 
regis ns is a condi^irm for pr':)pe r o:xel i solar icn. Before 
pmih off ocesurs, the licht ser.s:tLV^- array 10 rperates 
25 as a sirnpLe photodiode. 

The operationrjl bms voltage, -01. 34 applieci to the p* 
1-iht sensitive contact 2 0 niay l:-)e l^)wer by uj: to a factor 
CO: four t:h^n tne bias woltage ne :ess,iry t i operate standard 
bi ::k-side i Hum mated s 11 icr n structures fat r i sated from 
30 1 :l^int:.ica 1 starting mate]~ials. Dur:.n:j testing of the light 
s-visitii'e arruy 10, it is not reguired to moconire each of 
file ■th<.)usands old rrid i i^idiial pixels at a great: expenditmrre 
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t inie dfK.l resoi.irc^^s . Instead, a c;ompIet.e evaluation of 
t- :ie e:rr:.r/ la.o' be ac:"! i c;ved v.'iriri L>n]y two ra- -o- u r^-merit. o . The 
t. irst. rreasui cment; a..: of t lie locikage i.:urrent ol thie fully 
biased ' iiuht sensitive.- oontci^:t 20 (v; it tout bias ma the fb 
5 grid b>n. The second measurement is of the le-akage current 
the lully oiased n* ■;:p-id t8 (witnout biasing tbie p' light 
sensitive contact Measured values of the leakage 

currents b^^ss than 10 nA/cni" for thaa li::^ht sensrtisve 

contact. 20 ,ind p* gi j.d b E: Ha y r^e an inaicaticai of the proper 
•0 operation ot the entire- liaho sensitive arrccy 10. bt:oakd^-;;? 
currents as Low as iOOpA/O-m' may be enoountereo durrng thes-i 
mea sur em.en t s . 

bib. 2 is a bl'sck dia:jram of a ligib: sensitive array 
100 in anotb:er eiotodiment according to the present 

15 invention. The light sensitive ar reo/ 110 is ccnstructei 
-^on^ p-type Sj 114. Tne p-type Si 114 cureferably rs hign 
resistivity The lignt sensitive array 11] has a common 

^t' light sensitive contact 12 0 on tne frcnt-side and ohm^i: 
contacts implementej as a p^ pixela^.ea arroiy 124 on tto;? 

20 back-side. Tne pixels soi the back-sioe preferably are 

coupled to readout electrcnii:s via pre -ampl i f i e r s (not 
s h own ) . 

4"b;e n' lioht sensitive contact 120 preferably cover;-; 
tors ent..ire lioht sensitive aiaviy lit and servers a;- a i igtc. 

25 sensitive wiiodow without: dead ar^eas. The n' tight sensitiiv- 
contact 120 may alsc' be referred to as an entrance window 
contact or as an entrance window. An eJ.e:o:: r i cal 
insulating layer 122, which may rnclude SiO.;, surr-:ounds the 
eniranc^e window on the front-side of the light sensitive 

30 array 10. 

'^b is';^late ^ tie individual p' pixels 124, the inter- 
F^->^eI gap ccntams n' separation rmplants 126 tliat suiiound 
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^^^^.■h pL.>:t-^.i m the l"':>rm of an qrui 12'-' r-^reated :)n the 

i^-^- .:-irieiy. In ether erT[t:^.-^d imen 1 3 , ' \\e implan:s may 

fen-ni a nnmber af rh rings ta- iacaLate t h^^ individaal p' 
P^->^^--— 1-^'^. The rh grid or the rh riia;.ns r:any- be created r^n 
5 5epara.te carts ;:>f the array, v/hich mriy then be cannects'^l 
-^--J^td..er externally, jr tney mny be planed directhLy an tne 
en t I rc' si 1 i sen a r:ray . 

reverse bias prt?ferably is appbied betaveen the p' 
i^i>'^-al-S "12 4 and the n' L:ght sensitive e^sitcist 120 ar: :1 
10 between the p pexe._s 124 and tne n^ grid 12h. The value (.;■ t: 
an operatianal baas i^rltage +V: 134 applied to t,he rh light 
sensitive contact 120 an:l the voltage +V^: 136 appl l(o:^ to the 
griai 12fi may he oitfei'ent and sho-.;ld ansa re pdncm. off 12) 
between front and C'L:-:'id. depdeted re-:.^ions 132 and 113. The 
15 pirr:::n elf 130 oetov/ec^n th<:?se tv/o depiete'J reiiions is a 
condition fc-r or-jpet^ pixel isolation. Before the fjin:h off 
ac'-ars, the Light sensiti^^e array 110 operates as a single 
photaadi ::'de . 

The operat;^onal ;:: las voltage, 134 applied t :■ the 

20 liaht sensitive tsntact 12 0 may be lower by up tcj a fa(::t:r 
four than the oias vclta:[e necessary to operate stan(iarv.i 
ba ok- side 1 1 iumina t eti s i J i ton s t ru at u res f abr i.cated f r in 
identical startivig mat(^rials. Duririg testing of the liqrit 
::.ensitive array 1. 12J , it is not r(}quircd to measure s^ach if 
25 the (thousands oif^ i n :i i. v i dua 1 pixels at a great expenditu.re 
C'f time and i esio: rc:e - . Instead, a complet^i eM^laation cf 
the array may be ar-hi-E^ved with only two measurements. Th^- 
first mieasi] reinent is O'f the leakag-:^ C":urrent" O'f the full-' 
biased n' light sensitive contaat 120 (withrmit biasir.g t.h-' 
30 n* grid 128). The second measurement rs ^J f the leakage 
current ''f the fully oiased n* grid 12R (witii'^ut biasing the 
"T lighit sensitive c aitact 120). Meas:.jrea values of the 
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loikciv^e v/urrent? less thdu 10 riA'cm^ for the iiqht: 
sens:*:, ive eoniac*.. 12:) and n* c r ■ '.i le^ nay be an indicaLivS-: 
t.^t tii'S prnp'Cr ope ra t i vui of the ontire .Light sensiti'/e arrav 
11 J. Leakage currents ns low as lOOpA/cm- may be 

5 enc :unter^od diirir.q these me?asureriients . 

i^i;^. n is a clock draaram ;.:)f d li':fhr sensitr\-e array 
(dete::t:)r .:i.rray) 12 acsordinq to one embodiment of th(^ 
present irr/entinni. The Irght sens}t.ive array if is 
c' ;ns-^:. ::t-'d l:r';)m n-type Si 14. The n-type Si 1-1 preferabl y 

10 is high r-escst i\^i t y Si such resrstrvity preferably berncj 
between IOC';' 'jhrn-cm ts- 20,000 ohm-cn. The Irgiit S':Uisrtrv(? 
array 12 nas a ccmmcn p* junctron e2ectrocie 20 en tnn^ front- 
s ode ant.:! -nnrri.c cc-ntacts rmplem.ented cis an n' p:ixe2ated array 
2 4 on tiie 0:ick-side. 

15 OTh:: iiaht sensitive array 12 rs simrlar to th^? light 

sensi':.ive air.:;:y 10 of E^'IG. 1 In that the licfrd: sens:;, ti\^t: 
array 11 :::un-: f r:^rably is t)rased at th-B p' :unction e!..ect,rode 
20 and the p2 ^:rid 28. in other embc drment s , the p ^" grid 28 
may not be l:)iase'i. Instead, the front (:ieplet:.cn r-.ucn 22 

20 may (extend iti-wn to the p'^ grid 28. 

Ths? p' ;unsticn cijntact 20, which preferably cn^^ers tte 
ent^iire light: sensrtive array 12, p^rsferably is bius^id at a 
suf f icm^uct 1 y h:gh viltage ■ V;.-.- 38 ti;) arhiev(E: a ciic:rcll^c:l 
ava^. iincrie si: f -ict ■'arroll f ica t r'On tnrough elei':]nin impa-ir. 

25 1 ■ :ucc:ci t : on ! . The- p* iunction r:cc;tact 20 mav also be 

rel?ucrec! to as an entran-^e window cc::itact c>r as an ^.'ntran'ie 
wi ndiw^ . 

To isolate tne individual n* pixels 24, the _int^:r pixi 1 
aac' c:)ntains p^ sep'sratron implant:s 26 that surr'iund each 
30 t^ixel m the f':)rm of p' rings and/or a grid .18 crt-ated imi 

entire array. In trie case of avalanche dettctc>r 

armays, the electrrc field at t fie peripTiery 40 of the 

y 
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];.jrict:i.on 'rontdC: ;.') sL-:.il:-i be shape^i in a particaiar marai-r 
so as Lo pre\^erit-. p rem at use sarfase t'las a kdo\/n . 

This eieia.. r J f i ^e sriap^e r.ay ta aarai^-^ved thr;jaqh -in 
implt^niertait ion ot a cave led eaiqe s"^:. ra at a re^ in the n-type hi 
5 14. TY:-z' bevei may be form^?d by removjnq ri-type Si mater i.al 
from the edge 'jt i he ] ^ght: seri.sitive array 12 as 
represented by the oroken iin-^i'S 42, which form a riafit 
arj.anqbr witli fhe c rcss-seL'taLaina i eige cf the n-type Si 14. 
Tht' hyf atenases of- roe nana. traisacUarS fermea ov\ the if^fc 
10 and r^'clit sides of tne n-typ*i ;;d 14 indicate the sfope of 
th^^ oev'i^l. The required shapiia:i !■! rpe -:!lectric field at 
she peripnery 40 may also be achia?ved throagh the use of 
':^Uc:ril rings and/tar fi^^da:i plates. 

In other embodiments, a p-typ-i silicon may oe used to 
15 ..mj:'l-m.e:it; a iiaht sensitive array similar to she light 
sensi.tiaie array 12. In zh^-t light sensitive ariiay 

lmiili;miented asing tht: p-type sil. iisan, tha^ entrance v/mdow 
v/oulil h^e implemented with ;pin i : n contact, the p^ixelatea 
array wo'Uld include pixels, irai a .^rid on the tiack-side 
20 v;oul<.:l b^ impcasmented asmg n^ imp^^anis. 

T f . -1 p+ g r 1 d 1 rap 1 a n t.. s 2 6 f o r a' i n r, h e grid p a 1 1 e r n 2 3 i n 
t:he present invention for a n-type substrate, an(i n^ grrd 
rmpla.nts 126 forTning she grid isattaBiai 12:; in the present 
inver.tijn for a p-t;ype substr-iite may be designed m a 
25 \^aria-ty c-f wiiys inolurimg, but n:t limitec to, pC'Ssioility 
C)f separ^aticn of different S'ia:tions of the and with 
indep'Cn'jent fciasing or floating at *:hen sections. 

Fij. 4 shows a cons t ru it icci af a grid pattern wnere 
hign resistivity n-type Si 14 is used as the stars laig 
30 maserial. The readojt side of a dS'i^ice bO in this 'Sase 
includes at least two gnd patterns. Dne of the gnd 
poitterns s2 san^-Cids a second (intenoua set.. of ^rid 
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-lasmq tee ieterior seerions ef the qrid 54 usie:! veltaae 
• l^smq this metdiod, the pixel size and th-;? result mq 
spatial resolution o I: the det-isctor arra\- may be 
e 1 e e t r o n i c a L i y r e q ti 1 a t d . 

Reierrinq new to Figure 5, tne mdividu.;! i.nt.erior 
a rranqersents bA may be ]ointly biased bv a smqle 
externa Lly appLi-d volt ace usmq V, if the mdivLdual qrius 
.-re coup'led via a conductive oridqe ^vj placed over an 
electric<al insu_Latipn lay-ir (:.2 which elf:M-tr ical ly isolates 
the interior qrrd 54 f rtv; tne exteri.Dr grid 52. Tnis may 
h'O implemented as a part of f)lanai: silr-on devire 
1 a b r 1 e a t i o n u s i - q s t: a n da r ;i ph o t s 1 i t n c. q r a p h y t o o 1 s , o r a f t t: 
tvie wafers have been ]^:-zcesseG or. rndividual det-.ectors 
usinq physical masks t^c :ieline areas for insulator and 
metal evaporations. Referrmq nc.w tc- Fit|. 6, t:\e interior 
qrids such as 51 and 5*5 zeiy oe mdivrdu^.ily biased throu(jh 
external connectrDns to eachV;ucn qriii usinq voltaqes 54, 
5 6, a n d t h 6^ 1 ^ be . 't 

Altnouqh the presfurLl irrtenticn nas Deen described in 
c: e r t a in s pe c i f i c emt) od i m^- t s , rrta n y a ;i' :i i 1 1 'un a 1 mo -.1 i f :i c a 1 1 o n s 
and variations would be ap'parer.t to thce;e skilled in th- 
cirt . It. is therefore to- be- undtirst ood that i he present; 
invention may be practic^:d otherwise- than as soecriically 
described. Thus, the descrited emtiodiments of t.he present 
rrn/ention should be cinsmiered in all respects as 
illust. rative and not restrictive, the scope of the 
invent ic^n to be determined by the appejnded ud.aims and their 
equj. Vci 1 ent s . 
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